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mt Z&tt h U > *■ h a? -MO S F E T*C&-3 

r. 

fnaaticj:'j'ctiiik©M0SFET'fe*3*atsn, ir 
wb xnw4i!E!ff ^ < imimsmmmmu 10 

BVKilSSttlltfiW til 2 ssfsa-c-a 9 . * 1 «SSS<%i 
K jMMEM O S F E T fe*©# 1 ©? + * JMHOttft l, 

*va > & c 4 £ 4 ? £ ii*3g 1 k tago m 0 s f e 

T. 

[■#93] TOS**!******. SIS 4, fi!il3S^ 20 
<t>*ffiJbK»*3 ftfc *t»+!/t^li C 4 & 
#iS4-5-*gft*re2 ttS&DMO S F E To 

rtfcfftKU !9!3»tR4i!i2x fcT4? * f * ;l<a4©#f? 
tf>6|»ll/CV>*e 4 Sr#it!t4? &Ig#JS3 (CtifcflPM 
OSFET. 

* t* + a art «: ffis i/ , ness 4 atex * ♦ * 5/ * ji 

Ke«M>MOSFET. 30 

[ ig*js e ] Bna«Si£tt«w^n£M o s f e t 

f&4?&a«:*nf 5 (C&1M0MO S F E T. 

4^*- F**3Mway- htcjc-j-ciuttstwtett^rt 
««»ifc&HRrcsj«sim»* c 4 £$tt4-r *tf * 

J&2K£l«<DM0SFET. 

fc&©jf?f2M0 S F E T#*& C 44 *Wt4** iSfc^ 
7Kl3fc©MOSFET. 40 

iiB*jg9 ] w^v&wm&mft tc tig I, r 

l»*C 4*^4^^**113 tClB^MOS F E T. 
http://www4.ipdl.ncipi.go.jp/NSAPITMP/web520/20041 1 1800030 
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L*l»&C4*fctt4*«B^2KE$S{«!>M0SFE 
T. 

*)|^ri'*C£«M&?*l|MC!R2<C&toMO 
SFETo 

tig*® 1 4 j may- mwma^x 
m^»mma^m wr* o . way* *- k# 

l'-*^ VKEftlT^iC 4«rft»if *t(l*IR9 K 
1E$©M0SFET. 

[IB*® 1 5 3 WE*^*- F%>HC$H'*C. * 

* * f * juapiC'^ i **s©««<c * -j rmcmt; 

»#« 1 1 <Cia$t<2M OSFET. 
[ig?ftll6} h U>?y-h'<7~M0$FET 

BE* * + jua^iatc^s ni?sBS«pjcc:« 
f^a-r *#t® teat* n. BnB4umwA> 6»f k 
Wejr^raEsnfcy- h4*wu 

lulaiStC cfc c-CtWS^MO S F E T-b**H*3 ft, |§5 
iSMOSF ET*^©#*tt»li!WSW>y-^p<|4 

me v-x«wenttofcin2 mw§&®#7 a ^^4 * 

UK V * - K dWBH bM(C ftfff: 4x ^ J: ^ ft«BE 
f -SMOSF ETe 

[iiJ^aSl 7 3 WaMOSFET*JU©#*«:^* 

c 4 «4$tt4r ««Mqr i 6 (cg«®mo s f e t 0 

[000 1 ] 

>s^^^7>i^^? (mosfet) tcmgr-So 
r o o o 2 1 

134035.gif 11/17/2004 
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3 

om a ic m& t, 'c®$ s ti z - * t> >\, * * 4 * pi * $ 

[0003] ^ -7-MO S F E T<D2'W>m%rj.<m. 

ifcK^T&teft) fab*. MOSFET©*>j6l5l{t, 

< fc-S^ffc*. MO 
SFET^b-i'y'^SEti, SMOSFET-b^ 

[ 0 0 0 4 ] C ©J: ^ frMO S F E JfcilWKtt, 

tcjivxmjtznx^z, c^J^stwi-ci*. mos 

FETj^-O^I/TV***, «^y-KZ)?iO> 
a _ + j£#-eg* i^t-Sil*^ F-1SI**£ C -5 . C ft 

i*. y- tBtfk^&af&ttufctt*7'<? >f*7u 

it. "** ? 1- * + y T (hot earner) ' tmmi>. 

* ? p * * y 7®aA«: J: 9 , r Kifc^ji^sn 

■0*E#£<l: t/fc *J , r * >X 2 > ^ J? £ < Tran 
sconductance) Sfctt*>j6taAH^fkLTM0S F E T 

[ 0 0 0 5 ] #BffSta& . 0 7 2. 266 
ii. MO S F E T-tr frftlC . &V!m<C^KM&irZ>%L 

^ (C «W*Sf^g£^ ft. * ? h * * »J 7 # * W White 
http://www4.ipdl.ncipi.go.jp/NSAPITMP/web520/20041 1 180C 
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[ o o o 6 ] s<, »p +fe§i^ 1 5® t-vsym. 
^ < i e © k- t-> o <>*<,>. y- 

t£. ■fe^g*^ MOSFET©3f>!gK^r«€f 
10 lg)<!:Wl>, 

[0 00 7] *S{C<SSE'C*>*©rt©.'h$tr^<7-M 
OSFET^SS^Sfe*!). ^<^^<D*Slt±fttftK 

WiSfltKi-clK $n*. -t-OJ:^^MOSF ET* 
132 ACCMO S F E T 2 0 i l/frnT, 
[0008] £<DMO S F E T Vlt£ < 4f fe &Rlt SiS 
^i0-6o S2A*#BB3tlfc^„ y- K^>#2 1<D2 

fc«S<»^t;f#* 0 y- y -^^'Kr < tttft 

[0 00 9] MOSFET20(CMl*-5^ffc@BS4IS12 

4P-*9 c ^*«2 2i©BK>PN*&**f. 
t^Ccoi*'/- hilfkJg2 1 A<D0«I^S*^. 
[00 10] 

5 tlfc IV > ^ y - h MO S F E T «riS^T -5 C 4 
X'$>Zo 
40 [ 0 0 1 1 ] 

[IP ®&m$i?Zt<:#XD¥&t] i&mtCXZ> Y V,l>*¥ 
- HMOSF ETJt, 

0324979056.gif 11/17/2004 
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5 6 

to 012] *&^©mosf E-n*. >/- h©»tcj: [s&ogi&mm] i^m>wimmmz(cm 

^'CiiS$ft*tS&©4r^£GT«s£3tt& 0 cn&© M'^y-rMOSFETS Ott, N+gfel 3 

•b^iW.t^^itiCttr^r^o Ctl <D±i5tC©.iS3nA:N-J.f^+S/+^Jai 4FJKff^ 

E^*/i{*Aft®*>5<,^t-ji©^TW £4va*&. m2fiOCBi&$totc'/- r 3 Ik*. Kit 

X h7^7«A:i*^*©<b'r4C<!;^'C** 0 j£3 1 AKJ: ve^fcttttWjfc&afcSfttrt'*, 3 

[0013] *aS3.(CJ:*4; ?-?^CC»2««a«> fc. MOSF ET3 0Ob*3 51*. P-*f(|W3 

£lll£fSft5$i#S&S3n<S. ^tUCAorxWt^t 3. j^C>P+3>^ * r$M*3 3 A. RPN+7-AIK 
^SSfcliSlgpi©^ 1 «flHK0titt&®fl(C P «3 4 *3/<,Ct,>£. &6|fg3 6 i*P - Kr A 3 

MH 1 ) ttMOSFET-b*©y-^tB««HWl3ft, * [ 0 0 1 9 ] N+Sftl 3&MOS F E T3 0© KM 

[0014] ***HiBfettff|'Cli, fSSttttttttt*, M >£ bxmi*. C0> F u -C >tc, fl*i*N + 

OS FET©£f4tC, jffiRSnfc'<>->-C, ±-b.'KD « (sinker region) T&&±M*l'* *\<0 &*) tt*H 

[ o o 1 5 ] jh 2*ra®f6«H£i*iit*. ttcftau tr [0020] mm?*** 3 7rt K«Kgt'«&p +a* 

Kfct* £@f?£ fiB», #0iffl»'Cft±r£* ? F * * "J 20 M 3 6 i*«Sftlfc1IM 3 8 l/C * 0 , ZtilZ J: -5 

7£§<lPS?4J: $cc»< . a^*- f», x. PN8Ht3 9tt*;b3 5©*- t**tca0«C«tt* 

rt^ttSSt/CfeQ >/- h BSffcftbKMO S F E Ttotofr ftfc *4 *- F£ft -> 

&^KE*x*a»ntta6Cp^j:54*(irtas«:fet* [o 02 1 ] fs^»tpS3 8i*?§3 z^—t-mk 

«r«fl|STi. A£&H»'*lk&6U **«CJ:-j-CMOSF.ET-bA 

1 0 016] ftfttHA&ttfl-ci*. is mtfcimzsu 3 5 ?i*gsi*4&ikfiMi«OT4!£& *>?i>&. <h&s 

< ^-f*-F-fe;lT ) I*, aHR3nfe««>7^"7- Ofli4,>P +t»W^>fc«> > MOSF E 1*4-3 5 

^'MOSFET-bJl* { -7*7****" > a^£titf^|Bjre*C£*S'C&. MOSFET3 0 

-*4<r»}J:5tt:t/C, MOSFET®±i**:R9[«&>t" ©****«r*i||«:rt±'r*C4#BItt4«f'»'Cv»*. 
*->"CI«t6ft*. 7**v"7-fe*iifc*)«>y.f*-- 30 N + v-x««3 4«>fil*E)«tt!H. Oiiin 

F-fc*0ftii. MOSFE TOSH-Si^KS-a, »t£«> KS-Cfltf>3tt*e P 3 3B<OP + 

—MtC. flUlt. £ 0 *SS?K ^U- ^ 2^** r$SiS££JgJ§36£©K©:a>£* h©tsl* 

*t*S9Sn*MOSFETtt, J: 99< Otters 351. 0iimte*t , ffcJ>3tt*e±ai'C&*. fJEvC. 

*- F-bAfc&jsir*. ?«3 lRSI<D±iii*3. 5»im©*-y-4r 

[00 17] Sfc, C©*-f*-K**i , i, #?<y4 *4. 30Bt?tt. ?S3 lR<z>£tiK*&. GwmfcBte* 

*- K^Je*|E)i<:«a^^J:^icMOSFET35WL/ 4Ci^T?*-5. c©H*i. jU*4)ANttMllM«dtr 

to* t h" M >A>6#r^^©^*- FVIO MOSF E T** (HI 1 (C^iflbNfi'C^^ 

*H**»3iWWWp4i«rn*> tt, [0 02 2] H4 Ait, B2A(Cni^fc-b^(C«ft:MO 
±-*#7iifi*7b1tiic/tt*y ?ft5fiiii©MOSFE 40 SFET*A4 1 «dCrMOSF ET40*@^Uf^ 
T«tCJ:->ri8«lSn*»*K:HKWR:^r4. 7* BPfe. j»4 3«N-*^*S/+*Bl 4*a*)tt 

r i ttMc-kztj: rmmtfahi* ct&, trz n i 3rt^ i(*yr*j o . * ^ 4 i «4^^ 

http://www4.ipdl.ncipi.go.jp/NSAPITMP/web520/2004 1 1 1 8000337792256.gif 1 1/1 7/2004 
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- h 4 5 1 N + Sft 1 Z<om> (SJ*>. hRMUU 
5AKj!»A>&> UEfrWgfl? v !?*tU->X^Z. C 
©<fc 5 Vffig&S 4 B K SK »1T * * t> £ C 6 S K <fc <s T 
JESfVCl**. P-*^<fgis!{2 2£N-Atf***'* 
.'US 1 4 ©IH© P Ni££fc* *- F Do, (C J: vCi<£ 
4TCfcfl, P + tttttRJtf44£N+£&l30>n®PN 

3lva»*J:$tt:, ^*-KD 0 .£D,.„,.i*W#£ 
feMOS F ET-fe.M 1 0? t * JbKftk/ttHtefflftS 

[ 0 0 2 4 ] H 5 It, 0 1 K*ii;fctiE$0>MO S FET 
1 0©±1BB"C»&. ffSffl«WSt*P+«*l 5t*&E 
#»*Jl©tf AtCwSn-CfcO , N + V«-AgW 1 2 i. 
h 1 1 KJ^-CBKOBStttV*. H5K«4-7© 

* m«b * § ntrv » *. 

[0 02 5] B6I*. B3«:5U/fcMOSFET3 0© 
IffiiT^^, B4AtC*UfcMOSFET4 0©±® 
B*>B1§©<>©&&*. f8SP+«liWJ&*^©iti*« 

P+ttfi«i«*dCf'fe* <W*0« KHz 

.-r £fl?i*n*> 4>*§«va>&. B6t*tt, lis©'/ 

K*JW7 fr? 1 4 TWO S F E T-b )l 6 IS <£3t 

[0 02 6] 07 li, II|6£*l/fc^M^$©3o©-ti 
>M 2^1*7? fvT'MOSFETfe*?**). l-?li 
*4 K-fe*-C**> ©. J: »}BIBa±fflB'C**. 

?s©i&na<s£ < niw <t?gra <, * j ^ u > <w . 

[0027] 

A= (Yc + Y*) •+ <n- 1 ) (Yc + Y,) 1 
= i\ <Yc + Y s > 4 

[0028] Cft&©**©3 { n - 1 ) m&7*? 
4 f\AOS¥ E T-bA»rfc*fc«&, n B©-bJWCfeW , & 

W=4Y, (n- 1 ) 

[ o 0 2 9] ft <et<:<tf-r&Ba£©ifc ( >/- hsw 

«> A/Wit. 

A/W= f (Y. + Y.) '/iY.l x (n/ fn- 
http://www4.ipdl.ncipi.go.jp/NSAPITMP/web520/20041 1 180( 
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*DKJ:-jrtt©dt>3ft*. Htt(C. alt, 

MOSFBT©3 , u-^y»iidtR:j:-,'c«Ean 

Jg£*£, 2oKl"P©4^r^^ (0**4 
*- K> **©»£, n = 2, n/<n-i)=2t>& 

io o. c©tt^^iJ^*4«fid«vci/*4. 

n = 2 1 , n/ ( n - 1 ) =2 1/2 0Vi>*). XfMft 
[0 03 1 ] JSB±l/C. ;<-**7*M^>*FETrt 

k:*t J"? * r©n^p+*^«i)wjWK:^T5s*t:a 
***c4tc<fco, i- ^?'/-h©ifi^*fei*3-^ 

+ yr©*fe«RDf«»tl»r*«Eir9 
>:ff¥Ji#**>ft*. fit VC, I- U^jWltfr 

. * p + wttttjK©^ t>**cssf *>>m\tu 

P+fWStN + ltS4©B«:P i Ny-fsf-FaWBitta 

nn^jr^ftwa (mi i#,i> , ^ip+«iaa#© 

@1 l©y^+-KD2> ®7l'~irVt>W£'k$n 
Sfci* -@W PS©«SO c K-t>^ftdt©K^il/ 
tTSf^97*t. 'S,M.5ze f f Physics of Sowconduc 
30 torDe'/iceoJ , Second Edition, John Kfilev & Sons (1 
981), p.105, Flq.3?'" K*$n*C^*, C©*K«* 

[0 03 2] H8i£, -b^j&sx h ? A ^KK«*snfc 
Sll©^«©MO S F E T©±®Ur'*-S, MOS FET 
8 0-Ctt, **8 1. 8 2. 8 3&Cf847>ir?9"^y 
MOSF E T*i*Vi>*) . * 5ftWP 
8 6tdtfyV+-*P-b*'C** 0 ^^8 1T328 4© 
P+2>^ l-^Mit8 7SCJ { N+V-^P^8 
84^f^*. 3>*^h*-.'U8 9 <-C-©^*>2-p 

T. SMOSFET-bJl>8 1 7iS8 4Pi©P+p«8 7 
&^N + V^^s?88 8i. y^*-K*A8 5rt©P 
+PtS8 6*^fl*?#*©{<:^t^ii^ 

0413138074.gif 11/17/2004 
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cetH»r£(;«, zm\t^' 9 = >tt. ^8MV/chi© 
«?Mefif * &c i^T* ££7 7 ? i l,-c & o % 
&flk >, >/- h Kffc.lioffii'gccAii* * c t ©t?s z&k 

/cmJ:4*&<ttl'C&4tt*U>. ftttt. 400 10 

k<rM$ &tstim\Mw*&s wmtms 2 v-ca 

0 S F E T tr* 9 3l*9ti{*St»N -xtji *f + 

ft^^N+SSfel 3©±ffiKi£l/a»£. @1 OK* 
fMOSF ET 1 0 0 ft*. MOSFET-bJH Olrt 20 
©P-tf-f^flfc&tfN+StSl 3©Jb8B«:«t?MaUT 

-5^ 0 1 1 (C*1*MO SF ET 1 1 CC**, P 
- £ fcliN -fc K- fc?> ^3ttfc?f c>xtf * *f + ,'Us 

1 4#&MOS FET-bA- 1 1 1 VBX4*~ F%* 1 

[0 03 5] B97)Sai lCCfel^C. FD1 
I*M 0 S F E T * Afl«J> P N#r&£$ t/Cfc ♦} . *V * 
-KD2l*fiW^*-K-bJbrt«!>PN*l*«Ktt:i» 
*. *fe, * + ^*Cltt*WRtfN+*«K*|lt 30 

^C«:*H«r. BV OI <&0* - BV«,®Mff4M8fcft 

yiF^aEttaw^KjH^*^*- fd nwi/-* 

[0 03 6] @ 1 2tC7*?MOSFETl 2 0t*. 12 

y -f FD I It. »»P+3>*> hPHS, P 40 
- * SJ>'N £<*cc J: VC&MO S F E T 

■fe*<t>**tteB«3n* P ! N ^-c *- F*fti/cv 

MO S F R T l 2 OTtt. PiNW*-KI)1© 
http://www4.ipdl.ncipi.go.jp/NSAPITMP/web520/20041 1 1 800042 
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[0037] mo^mam 1 3rcts i 4 tew. 

HA- XIII/UC& o ITER &ft fcftrBn?* MOSFET 
13 0lt, -b* 1 2 1 SH^P+jg«i3 
2*3trJ:0*S©j£MwH 3 1 6^<tt<*. ast*P 
+IB«1 3 24*. 1 2 1 1*3©*'- httftlltcttl/e 
SRIte&ttr 6tmWc. N + v- l 3 3 * W 
l/C4**J . tftg*r < 7MOS F E THr^iOTT 
SK. Sg-jTT. -fe.'H 3 H*MOSFET©±f*iflfr-b 

it. *A1 3 l3&^!6lSfe©**Sft:U@Sfe«rlIt>fjr^ 

«&tC«^"Cev»o @12©MOSFETl2 0£Elt 
tc. fift, -b*i 2 ll*fti^P+(Rtt*&fe*i'3K 

[0038] $^<Cg-3 < MOSF E T©3Sig?*P Hr 
AttlMK H 1 §T)%m ! 9&H3 CC*lfcM 

0 S F E T 3 0 <OM&yu*t X©-piJ * jRf „ 

[ 0 0 3 9 ] 0 1 5 £gJB3nfcU Kft^ati^tt, 

[ 0 0 4 0 ] <fC®(kJ« 1 3 0 frOftStt, ^ 1/-C 
J-??>?L,. ^'P+«S«3 8^g£S^*^*S8» 

BMbMl 3 1 *fll/tr. K-XSl x i 0"7517x l 
0"cffl-', x*A"F- 6 0 75510 OK eVt. ^t 4 
P + «W3 8 SaAKJ:9^^&. L/C{#f>n 
l>lwg«rgl 1 5iC*f , RfbN 1 3 1 3 1 tt-t-© 

[0 04 1 ] C©"7"0-fe^©l ^<-t>y>T?Jt. Jft'K 

ffcBl3 2*B&gS>ttfcg. ^P+p«3 8©±*l* 

3?:f«§:$-ttS. »l*BMbBl3 3*-?^>U 016 
K^-rj^lC. S»*«JiW'<*fiB<W»6»*r*. IK* 

8Sl>rF-Xfi5X 1 O'TaSSx i O^cdj-', 
x**4F- 60keV-C©^* >aA*felt P O C I , 

>^U, i"- hlfetti l/'C 2 0 Ts57 0 £}/D=&f#* e 
P^t^Jl'^^AflDWStt, *yi"Ja>«:4*^*> . 

163984.gif 11/17/2004 
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CiCCfcO, P-#*v3 3*»RW *>. P** 

[0043] ^^t:-5'X^S:oM©^*>aA{<:J:^ 

I*F-Xfi5x 1 0"7)51 x l 0"cm-', 

-2 0715 10 0k e VCt? 5. tirft£l/'Cil6ti&|t 

[0044] N + V -X*«3 8 mtiLUtctiL. gfctt 

-f *>8Ati h -xa i x i o 1 * 7S5 s x i o " c 

m-' . x* ;Uf-2 0 7558 0 k e V'CIt^. H©#8S 
it'C, @19K*^J:5«:, N + v-x«J«/P+-a 
> * * h MWSCW' P + a > * >? h *- 

ju*»hw *©^^-s©iiao^^*ai/-cpa27 

<***SAr*C4fcJ:9. 8tt»P + P*3 3A**« 

r * c ± i>vt* -So cc^&r-us&^cPfflTHrtSj&N 

[0 04 5 3 ?I^Kffctt«r»l$ftccj:9«flW 
£. «C> < CKP5*X7*f Ufr-f {Bwxjphos 
phosllicate qlass : BPSG> £tt&0&B<Ci#ff£ 
Hi*. B P SG«-«f««: 8 5 0 *C7|>59 5 

yf^ytCXv "CRf fcBCStVB P S GRtC a > * * t- * 
-*tSi||l/fcft. ftffl|3 6&tt*l/, a>**|»* 

-**a i/ r v - a t < «w t m*. »p + M««tfd 

[0 04 6] S i N*fcttBPSGKJ:-> 

-f^^S {pad mask window) £jc? *>^<<:j: O^Bfc 
[0047] ±£CfcJd8ffltt0l^&fc0t l ft 9K« 

[BffiOtf^atgSB] 

[0 1 ] #©a-t-ttlW**«»*BjW*fc«>C[>il 
t ***tB*fc»«ua*- Atf«P*<D t- u > * >/- h m O S F 
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[@4] AB&Biptytt*) . A\m&mwiic$-m& 

AC'MOS F E TKAhT* WHB'CA*. 
[05] ft&VMOSF ET-k)l>Q>±.S®V*>&. 
I® 6 ] *#PJK«-*< %M(jE«V(DMO S F E 1(0 

[@7 ] g] 6 <S9 < teJl'A$jE#3$£>MO S F E T«MfKfe± 

10 [08] ■&&BJKg-3< f- * ^ 7'«©MOS F 

[09 ] *#fe?8«:fih*< « 2^fl®H®ftjBH'C4> 

[0io] *£wccs-*< gtt&M<z>KiiB'cft*. 
[0ii] *%mfc&^<mgm<omwc$>Zo 

[012] *sswtca^< *5 3mffl®BiiBirc*6. 
. [013] J£t*fifg8fe*€3&irej0kftolKfiH'C 
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PROBLEM TO BE SOLVED: To provide an improved trench gate 
MOSFET, which has a protective diffusion region and in which cell 
density is increased. 

SOLUTION: A trench gate power MOSFET contains a semiconductor 
material, gates 31 arranged into trenches formed to the surface of the 
semiconductor material and a protective diffusion region. A plurality of 
MOSFET cells 35 are demarcated by the trenches, each of the MOSFET 
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first conductivity regions, and the diodes 37 are connected in parallel 
with each channel region of the MOSFET cells 35. 
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